Refractory pleural effusion can be a life-threatening complication in patients receiving maintenance hemodialysis. We report successful treatment of refractory pleural effusion using a Denver® pleuroperitoneal shunt in one such patient. A 54-yearold Japanese man, who had previously undergone left nephrectomy, was admitted urgently to our department because of a high C-reactive protein (CRP) level, right pleural effusion, and right renal abscess. Because antibiotics proved ineffective and his general state was deteriorating, he underwent emergency insertion of a thoracic drainage tube and nephrectomy, and hemodialysis was started. Although his general state improved slowly thereafter, the pleural effusion, which was unilateral and transudative, remained refractory and therefore he needed to be on oxygenation. To control the massive pleural effusion, a pleuroperitoneal shunt was inserted. Thereafter, his respiratory condition became stable without oxygenation and he was discharged. His general condition has since been well. Although pleural effusion is a common complication of maintenance hemodialysis, few reports have documented the use of pleuroperitoneal shunt to control refractory pleural effusion. Pleuroperitoneal shunt has been advocated as an effective and low-morbidity treatment for refractory pleural effusion, and its use for some patients with recurrent pleural effusion has also been reported, without any severe complications. In the present case, pleuroperitoneal shunt improved the patient's quality of life sufficiently to allow him to be discharged home without oxygenation. Pleuroperitoneal shunt should be considered a useful treatment option for hemodialysis patients with refractory pleural effusion.
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Background Pleural effusion is a common complication in hemodialysis patients, developing in approximately 20% of all hospitalized patients receiving hemodialysis [1] . The common etiologies of pleural effusion in this patient group are heart failure, volume overload, parapneumonic effusion, tuberculotic pleuritis, and uremic pleuritis [2] . Although symptomatic pleural effusion has been traditionally treated by repeated thoracentesis and chest tube drainage, reaccumulation of pleural effusion often occurs within a few weeks of the procedure.
Pleuroperitoneal shunt is a relatively non-invasive method for management of refractory pleural effusion by manual pumping of pleural fluid into the peritoneal cavity [3] . Since its introduction in 1979 (Denver Biomedical Colorado, USA), several modifications have been made. Here, we report the usefulness of pleuroperitoneal shunt for treatment of refractory pleural effusion in a patient receiving maintenance hemodialysis.
Case presentation
A 55-year-old Japanese man with a 40-year medical history of pruritus and asthma was admitted to our hospital with a 1-week history of fever, chills and arthralgia. 1 year previously, he had been admitted to our hospital because of sepsis, left renal abscess and subcapsular renal hematoma, necessitating left nephrectomy. 7 and 4 months before this admission, he had been twice admitted to our hospital because of sepsis and urinary infection. On admission, the patient was 166.8 cm tall and weighed 58.0 kg. His temperature was 36.5 °C, pulse 92 beats per minute, blood pressure 131/95 mmHg, and oxygen saturation 96% on ambient air. He appeared mildly unwell and in pain. Left conjunctival haemorrhage and pitting edema in the bilateral lower legs were confirmed, but other physical parameters were within normal limits. He had been treated with 15 mg of prednisolone for severe pruritus and asthma. Laboratory examinations demonstrated anemia, thrombocytopenia, renal dysfunction, coagulation abnormalities, and elevation of the CRP level (Table 1) . Chest X-ray and computed tomography (CT) revealed right pleural effusion, and abdominal CT demonstrated an abscess and free air in the right kidney and right urolithiasis (Fig. 1) . Escherichia coli was detected from two sets of blood culture and urine culture. He was diagnosed as having sepsis and disseminated intravascular coagulation due to right renal abscess, as well as right pleural effusion. Initial therapy with intravenous infusion of meropenem and thrombomodulin was started, along with continuous intravenous infusion of heparin and platelet transfusion. The elevated inflammatory parameters ameliorated gradually after the start of therapy, but the coagulation abnormalities continued. Because the right pleural effusion gradually worsened and oxygen supply was needed, thoracentesis was performed on the fifth day after admission. This aspirated thick yellow fluid, and immediate relief of the dyspnea was obtained. Fluid analysis revealed a cell count of 70, protein 1.0 g/dL, albumin 0.6 g/dL, lactate dehydrogenase (LDH) 89 IU/L, serum protein 4.5 g/dL, albumin 2.2 g/dL, and LDH 444 IU/L, suggesting transudative features. Cytological studies of the fluid and smears for acid-fast bacilli and routine cultures were negative. Pleural fluid amylase and adenosine deaminase levels were normal. 7 days after admission, the patient suddenly developed lower back pain, and abdominal CT suggested right renal rupture. Emergency right nephrectomy was performed by the urology team and maintenance hemodialysis was started using an indwelling catheter inserted into the right internal jugular vein. Intensive care, including hemodialysis therapy, allowed his condition to improve gradually except for right pleural effusion. Because the patient required thoracentesis frequently for recurrent dyspnea, a drainage tube was inserted into the right thorax. Periodic examinations suggested that the pleural effusion was transudative, similar to that at admission. Drainage of more than 500 ml of fluid per day made it difficult to remove the tube, and the patient was kept on oxygenation. Because inadequate dialysis with fluid overload was considered as the most likely cause of the refractory pleural effusion, the hemodialysis regimen was intensified based on his respiratory condition, BNP level and X-ray, but the effusion continued. At 123 days after admission, a pleuroperitoneal shunt was placed under general anesthesia to control the refractory pleural effusion (Denver® Mihama Medical, Inc, Tokyo, Japan). A small incision was made in the right rectus muscle along the ipsilateral anterior axially line at the level of the sixth rib for creation of a small percutaneous pocket to contain the pump apparatus. A tunnel was created above the rib and the peritoneal arm was introduced into the peritoneal cavity. The pleural arm was passed subcutaneously from the rectus muscle incision to the thoracic incision. It was then inserted into the pleural cavity and the incisions were closed. The chamber of the pump body was compressed frequently each day by the patient to transfer the pleural effusion into the peritoneal cavity. Five hundred compressions each day kept his respiratory condition stable without oxygenation. There were no adverse events, including shunt closure, infection and breakage. He was discharged home at 187 days after admission and his general condition has since remained good without shunt failure (Fig. 2) . 
Discussion
Pleural effusions are common in patients receiving maintenance hemodialysis and can sometimes be life threatening. Jarratt et al. reported that pleural effusions occurred in 21% of hospitalized patients receiving long-term hemodialysis and resulted from heart failure in 46% and non-heart failure (infection, neoplasm and so-called uremic pleuritis) in 54% [4] . Uremic pleuritis is estimated to develop in 3-10% of patients with advanced renal failure [5] . Pleural effusion generally resolves with continued dialysis over several weeks, although some cases may recur later [6] . The property of the effusion, whether exudative or transudative, is important for differential diagnosis, and Light's criteria may be of help in this respect [7] . Exudative effusion can result from infection, malignant tumor, collagen disease, and pulmonary embolism, whereas transudative effusion can be due to congestive heart failure (CHF), liver cirrhosis, nephrotic syndrome, and malnutrition. In general, bilateral effusions are the most common distribution in CHF. But Beck et al. have reported that 36.5% of CHF-associated pleural effusions are asymmetric and right-side effusion is more frequent compared with left-side effusion [8] . In our patient, transudative effusion was demonstrated on the basis of Light's criteria and his malnutrition and CHF were considered as the most likely cause of refractory pleural effusion. Systemic therapy using antibiotics, thoracentesis, and hemodialysis was unable to relieve his dyspnea, and a pleuroperitoneal shunt was placed in his body to control the refractory pleural effusion and improve his respiratory condition without oxygenation. A pleuroperitoneal shunt is a specially designed silicone medical device consisting of a pump chamber that can be manually compressed with two catheters and transfers fluid from the pleural cavity to the peritoneal cavity. This pump can overcome the pressure gradient between the pleural and peritoneal cavities by compressing a bulb that houses a one-way valve, forcing flow from the chest to the abdomen. Although repeated thoracentesis and chest tube drainage often reaccumulate pleural effusion by the loss of protein and nutrients in the pleural fluid, a larger size of peritoneum compared with the size of pleura enables reabsorbs the fluid and nutrients from the pleural effusion. It allows the patient to improve mobility and respiration, while maintaining critical protein and nutrients in the pleural fluid [3] a surgical approach has been used to treat this condition. However, over the last decade, percutaneous placement has become more common to minimize patient trauma and procedural risk, and Petrou et al. have reported low postoperative morbidity and mortality rates [9] . Ponn et al. described in detail the insertion of a shunt [10] . To our knowledge, however, this has not been reported previously for a hemodialysis patient with refractory pleural effusion. Compared with the Denver® peritoneal venous shunt for patients with refractory ascites, few reports have documented the use of a pleuroperitoneal shunt for refractory pleural effusion. The usefulness of pleuroperitoneal shunts has been previously documented in patients with symptomatic malignant and benign effusion and chylothorax [11] [12] [13] [14] [15] . The majority of patients have been reported to show some symptomatic improvement, and few complications have been associated with its placement or long-term use. Genc et al. estimated that the early and late complication rate was 14.8% for patients treated with a pleuroperitoneal shunt for malignant pleural effusion, including shunt occlusion, infection, and tumor seeding in the peritoneal cavity [16] . Tzeng et al. reported that evaluation of factors including a history of abdominal surgery, performance status, pleural fluid cell counts and differential cell counts, blood biochemistry, and cytology revealed no significant differences between patients who suffered shunt failure and those who retained patent shunts [17] . To prevent infection and tumor seeding, examination of pleural fluid by Gram staining, culture, and cytology should be performed before implanting the pleuroperitoneal shunt [18] . In our patient, examinations gave negative results and percutaneous placement was performed to improve his respiratory condition while retaining nutritional elements, thus allowing safe hemodialysis. Pleuroperitoneal shunt proved to be an effective alternative treatment for this patient.
Conclusion
We have reported an experience of successful treatment of refractory pleural effusion using a pleuroperitoneal shunt in a patient receiving hemodialysis. Although pleural effusion is a common complication in the maintenance of hemodialysis patients, few reports have documented the use of a pleuroperitoneal shunt to control refractory pleural effusion. The advantage of a peritoneal shunt is to remove pleural effusion while maintaining critical protein and nutrients without any severe complications. In the present case, the pleuroperitoneal shunt improved the patient's quality of life sufficiently to allow him to be discharged home without oxygenation. Pleuroperitoneal shunt should be considered a useful treatment option for hemodialysis patients with refractory pleural effusion.
